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Preimplantation loss can be calculated 
as the difference between the number 
of corpora lutea and the number of im-
plants or as a reduction in the average 
number of implants per female in com-
parison with control matings. 

(2) Statistical evaluation. Data shall be 
evaluated by appropriate statistical 
methods. Differences among animals 
within the control and treatment 
groups shall be considered before mak-
ing comparisons between treated and 
control groups. 

(3) Interpretation of results. (i) There 
are several criteria for determining a 
positive result, one of which is a statis-
tically significant dose-related in-
crease in the number of dominant 
lethals. Another criterion may be 
based upon detection of a reproducible 
and statistically significant positive 
response for at least one of the test 
points. 

(ii) A test substance which does not 
produce either a statistically signifi-
cant dose-related increase in the num-
ber of dominant lethals or a statis-
tically significant and reproducible 
positive response at any one of the test 
points is considered nonmutagenic in 
this system. 

(iii) Both biological and statistical 
significance should be considered to-
gether in the evaluation. 

(4) Test evaluation. (i) A positive DL 
assay suggests that under the test con-
ditions the test substance may be 
genotoxic in the germ cells of the 
treated sex of the test species. 

(ii) A negative result suggests that 
under the conditions of the test the 
test substance may not be genotoxic in 
the germ cells of the treated sex of the 
test species. 

(5) Test report. In addition to the re-
porting recommendations as specified 
under 40 CFR part 792, subpart J the 
following specific information shall be 
reported: 

(i) Species, strain, age and weights of 
animals used, number of animals of 
each sex in experimental and control 
groups. 

(ii) Test substance, vehicle used, dose 
levels and rationale for dosage selec-
tion, negative (vehicle) and positive 
controls, experimental observations, 
including signs of toxicity. 

(iii) Route and duration of exposure. 

(iv) Mating schedule. 
(v) Methods used to determine that 

mating has occurred (where applica-
ble). 

(vi) Criteria for scoring dominant 
lethals including the number of early 
and late embryonic deaths. 

(vii) Dose-response relationship, if 
applicable. 

(g) References. For additional back-
ground information on this test guide-
line the following references should be 
consulted: 

(1) Brewen, J.G., Payne, H.S., Jones, 
K.P., Preston, R.J. ‘‘Studies on chemi-
cally induced dominant lethality. I. 
The cytogenetic basis of MMS-induced 
dominant lethality in post-meiotic 
germ cells’’ Mutation Research, 33:239– 
250 (1975). 

(2) Ehling, U.H., Machemer, L., 
Buselmaier, E., Dycka, D., Frohberg, 
H., Kratochvilova, J., Lang, R., Lorke, 
D., Muller, D., Pheh, J., Rohrborn, G., 
Roll, R., Schulze-Schencking, M., 
Wiemann, H. ‘‘Standard protocol for 
the dominant lethal test on male mice. 
Set up by the Work Group ‘‘Dominant 
lethal mutations of the ad hoc Com-
mittee Chemogenetics,’’ Archives of 
Toxicology, 39:173–185 (1978). 

[50 FR 39397, Sept. 27, 1985, as amended at 52 
FR 19081, May 20, 1987] 

§ 798.5460 Rodent heritable 
translocation assays. 

(a) Purpose. This test detects trans-
mitted chromosomal damage which 
manifests as balanced reciprocal 
translocations in progeny descended 
from parental males treated with 
chemical mutagens. 

(b) Definitions. (1) A heritable 
translocation is one in which distal 
segments of nonhomologous chro-
mosomes are involved in a reciprocal 
exchange. 

(2) Diakinesis and metaphase I are 
stages of meiotic prophase scored 
cytologically for the presence of multi-
valent chromosome association char-
acteristic of translocation carriers. 

(c) Reference substances. Not applica-
ble. 

(d) Test method—(1) Principle. When a 
balanced reciprocal translocation is in-
duced in a parental male germ cell, the 
resulting progeny is translocation 
heterozygote. 
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(i) Basis for fertility screening. Male 
translocation heterozygotes may be 
completely sterile. This class consists 
of two types of translocations: 

(A) Translocations between non-ho-
mologous chromosomes in which at 
least one of the breaks occurs close to 
one end of a chromosome. 

(B) Those that carry multiple 
translocations. The majority of male 
translocation heterozygotes are 
semisterile—they carry one or (rarely) 
two translocations. The degree of 
semisterility is dependent upon the 
proportions of balanced and unbalanced 
(duplication-deficiency) gametes pro-
duced in the ejaculate as a function of 
meiotic segregation. Balanced and un-
balanced sperm are equally capable of 
fertilizing an egg. Balanced sperm lead 
to viable progeny. Unbalanced sperm 
result in early embryonic lethality. 

(ii) Basis for cytological screening. The 
great majority of male translocation 
heterozygotes can be identified 
cytologically through analysis of 
diakinesis metaphase I spermatocytes. 
Translocation heterozygotes are char-
acterized by the presence of multi-
valent chromosome association such as 
a ring or chain of four chromosomes 
held together by chiasmata in paired 
homologous regions. Some 
translocation carriers can be identified 
by the presence of extra long and/or 
extra short chromosomes in 
spermatogonial and somatic cell meta-
phase preparations. 

(2) Description. Essentially, two meth-
ods have been used to screen for 
translocation heterozygosity; one 
method uses a mating sequence to 
identify sterile and semisterile males 
followed by cytological examination of 
suspect male individuals; the other 
method deletes the mating sequence al-
together and all F1 male progeny are 
examined cytologically for presence of 
translocation. In the former approach, 
the mating sequence serves as a screen 
which eliminates most fully fertile ani-
mals for cytological confirmation as 
translocation heterozygotes. 

(3) Animal selection—(i) Species. The 
mouse is the species generally used, 
and is recommended. 

(ii) Age. Healthy sexually mature ani-
mals shall be used. 

(iii) Number. (A) The number of male 
animals necessary is determined by the 
following factors: 

(1) The use of either historical or 
concurrent controls. 

(2) The power of the test. 
(3) The minimal rate of induction re-

quired. 
(4) Whether positive controls are 

used. 
(5) The level of significance desired. 
(B) [Reserved] 
(iv) Assignment to groups. Animals 

shall be randomized and assigned to 
treatment and control groups. 

(4) Control groups—(i) Concurrent con-
trols. No concurrent positive or nega-
tive (vehicle) controls are rec-
ommended as routine parts of the heri-
table translocation assay. However, in-
vestigators not experienced in per-
forming translocation testing shall in-
clude a substance known to produce 
translocations in the assay as a posi-
tive control reference chemical. 

(ii) Historical controls. At the present 
time, historical control data must be 
used in tests for significance. When 
statistically reliable historical con-
trols are not available, negative (vehi-
cle) controls shall be used. 

(5) Test chemicals—(i) Vehicle. When 
appropriate for the route of adminis-
tration, solid and liquid test sub-
stances should be dissolved or sus-
pended in distilled water or isotonic sa-
line. Water-insoluble chemicals may be 
dissolved or suspended in appropriate 
vehicles. The vehicle used shall neither 
interfere with the test chemical nor 
produce toxic effects. Fresh prepara-
tions of the test chemical should be 
employed. 

(ii) Dose levels. At least two dose lev-
els shall be used. The highest dose level 
shall result in toxic effects (which shall 
not produce an incidence of fatalities 
which would prevent a meaningful 
evaluation) or shall be the highest dose 
attainable or 5g/kg body weight. 

(iii) Route of administration. Accept-
able routes of administration include 
oral, inhalation, admixture with food 
or water, and IP or IV injection. 

(e) Test performance—(1) Treatment 
and mating. The animals shall be dosed 
with the test substances 7 days per 
week over a period of 35 days. After 
treatment, each male shall be caged 
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with 2 untreated females for a period of 
1 week. At the end of 1 week, females 
shall be separated from males and 
caged individually. When females give 
birth, the day of birth, litter size, and 
sex of progeny shall be recorded. All 
male progeny should be weaned, and all 
female progeny should be discarded. 

(2) Testing for translocation 
heterozygosity. When males are sexually 
mature, testing for translocation 
heterozygosity shall begin. One of two 
methods shall be used; the first method 
involves mating, determining those F1 
progeny which are sterile or 
semisterile and subsequent cytological 
analysis of suspect progeny; the other 
method does not involve mating and 
determining sterility or semisterility; 
all progeny are examined 
cytologically. 

(i) Determination of sterility or 
semisterility—(A) Conventional method. 
Females are mated, usually three fe-
males for each male, and each female is 
killed at midpregnancy. Living and 
dead implantations are counted. Cri-
teria for determining normal and 
semisterile males are usually estab-
lished for each new strain because the 
number of dead implantations varies 
considerably among strains. 

(B) Sequential method. Males to be 
tested are caged individually with fe-
males and the majority of the presum-
ably normal males are identified on the 
basis of a predetermined size of 1 or 2 
litters. Breeding pens are examined 
daily on weekdays beginning 18 days 
after pairing. Young are discarded im-
mediately after they are scored. Males 
that sire a litter whose size is the same 
as or greater than the minimum set for 
a translocation-free condition are dis-
carded with their litter. If the litter 
size is smaller than the predetermined 
number, a second litter is produced 
with the same rule applying. Males 
that cannot be classified as normal 
after production of a second litter are 
tested further by the conventional 
method or by cytological confirmation 
of translocation. 

(ii) Cytological analysis. For 
cytological analysis of suspected 
semisteriles, the air-drying technique 
is used. Observation of at least 2 
diakinesis-metaphase 1 cells with 
mutivalent association constitutes the 

required evidence for the presence of a 
translocation. Sterile males are exam-
ined by one of two methods, those with 
testes of normal size and sperm in the 
epididymis are examined by the same 
techniques used for semisteriles. Ani-
mals with small testes are examined by 
squash preparations or, alternatively, 
by examination of mitotic metaphase 
preparations. If squash preparations do 
not yield diakinesis-metaphase 1 cells, 
analysis of spermatogonia or bone mar-
row for the presence of unusually long 
or short chromosomes should be per-
formed. 

(f) Data and report—(1) Treatment of 
results. (i) Data shall be presented in 
tabular form and shall include the 
number of animals at risk, the germ 
cell stage treated, the number of par-
tial steriles and semisteriles (if the fer-
tility test is used), the number of cyto-
genetically confirmed translocation 
heterozygotes (if the fertility test is 
used, report the number of confirmed 
steriles and confirmed partial steriles), 
the translocation rate, and either the 
standard error of the rate or the upper 
95 percent confidence limit on the rate. 

(ii) These data shall be presented for 
both treated and control groups. His-
torical or concurrent controls shall be 
specified, as well as the randomization 
procedure used for concurrent controls. 

(2) Statistical evaluation. Data shall be 
evaluated by appropriate statistical 
methods. 

(3) Interpretation of results. (i) There 
are several criteria for determining a 
positive result, one of which is a statis-
tically significant dose-related in-
crease in the number of heritable 
translocations. Another criterion may 
be based upon detection of a reproduc-
ible and statistically significant posi-
tive response for at least one of the 
test points. 

(ii) A test substance which does not 
produce either a statistically signifi-
cant dose-related increase in the num-
ber of heritable translocations or a sta-
tistically significant and reproducible 
positive response at any one of the test 
points is considered nonmutagenic in 
this system. 

(iii) Both biological and statistical 
significance should be considered to-
gether in the evaluation. 
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(4) Test evaluation. (i) Positive results 
in the heritable translocation assay in-
dicate that under the test conditions 
the test substance causes heritable 
chromosomal damage in the test spe-
cies. 

(ii) Negative results indicate that 
under the test conditions the test sub-
stance does not cause heritable chro-
mosomal damage in the test species. 

(5) Test report. In addition to the re-
porting recommendations as specified 
under 40 CFR part 792, subpart J, the 
following specific information shall be 
reported: 

(i) Species, strain, age, weight and 
number of animals of each sex in each 
group. 

(ii) Test chemical vehicle, route and 
schedule of administration, toxicity 
data. 

(iii) Dosing regimen, doses tested and 
rationale for dosage selection. 

(iv) Mating schedule, number of fe-
males mated to each male. 

(v) The use of historical or concur-
rent controls. 

(vi) Screening procedure including 
the decision criteria used and the 
method by which they were deter-
mined. 

(vii) Dose-response relationship, if 
applicable. 

(g) References. For additional back-
ground information on this test guide-
line the following references should be 
consulted: 

(1) Generoso, W.M., Bishop, J.B., 
Goslee, D.G., Newell, G.W., Sheu, G-J, 
von Halle, E. ‘‘Heritable translocation 
test in mice,’’ Mutation Research, 
76:191–215 (1980). 

(2) [Reserved] 

[50 FR 39397, Sept. 27, 1985, as amended at 52 
FR 19081, May 20, 1987] 

§ 798.5500 Differential growth inhibi-
tion of repair proficient and repair 
deficient bacteria: ‘‘Bacterial DNA 
damage or repair tests.’’ 

(a) Purpose. Bacterial DNA damage or 
repair tests measure DNA damage 
which is expressed as differential cell 
killing or growth inhibition of repair 
deficient bacteria in a set of repair pro-
ficient and deficient strains. These 
tests do not measure mutagenic events 
per se. They are used as an indication 
of the interaction of a chemical with 

genetic material implying the poten-
tial for genotoxicity. 

(b) Definition. Test for differential 
growth inhibition of repair proficient 
and repair deficient bacteria measure 
differences in chemically induced cell 
killing between wild-type strains with 
full repair capacity and mutant strains 
deficient in one or more of the enzymes 
which govern repair of damaged DNA. 

(c) Reference substances. These may 
include, but need not be limited to, 
chloramphenicol or methyl 
methanesulfonate. 

(d) Test method—(1) Principle. The 
tests detect agents that interact with 
cellular DNA to produce growth inhibi-
tion or killing. This interaction is rec-
ognized by specific cellular repair sys-
tems. The assays are based upon the 
use of paired bacterial strains that dif-
fer by the presence of absence of spe-
cific DNA repair genes. The response is 
expressed in the preferential inhibition 
of growth or the preferential killing of 
the DNA repair deficient strain since it 
is incapable of removing certain chem-
ical lesions from its DNA. 

(2) Description. Several methods for 
performing the test have been de-
scribed. Those described here are: 

(i) Tests performed on solid medium 
(diffusion tests). 

(ii) Tests performed in liquid culture 
(suspension tests). 

(3) Strain selection—(i) Designation. At 
the present time, Escherichia coli polA 
(W3110/p3478) or Bacillus subtilis rec (H17/ 
M45) pairs are recommended. Other 
pairs may be utilized when appropriate. 

(ii) Preparation and storage. Stock 
culture preparation and storage, 
growth requirements, method of strain 
identification and demonstration of ap-
propriate phenotypic requirements 
should be performed using good micro-
biological techniques and should be 
documented. 

(4) Bacterial growth. Good micro-
biological techniques should be used to 
grow fresh cultures of bacteria. The 
phase of growth and cell density should 
be documented and should be adequate 
for the experimental design. 

(5) Metabolic activation. Bacteria 
should be exposed to the test substance 
both in the presence and absence of an 
appropriate metabolic activation sys-
tem. The most commonly used system 
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